Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality carrying a heavy economic burden worldwide.
Hospitalisations for an exacerbation are the major cost factor for COPD [1] and are per se a risk factor for further hospitalisations [2] [3] [4] . The prospective ICE study's primary aim was to evaluate the direct and indirect annual costs due to COPD in a cohort of Italian patients enrolled after hospital admission for an exacerbation. Data demonstrated that hospitalisations accounted for about 40% of costs, followed by long-term oxygen therapy (30%) and drug treatments (18%) [5, 6] .
A further aim of the ICE study was to evaluate which clinical factors among those considered for cost-analysis might influence at follow up the risk of a new exacerbation and re-admission to hospital.
Methods
A number of hospital pulmonary departments throughout Italy were contacted. In the period October to December 2002, each centre had to enrol the first 30 consecutive patients aged >40 years who were admitted to hospital for a COPD exacerbation, independently of whether or not they had had previous hospitalisation for COPD. A COPD exacerbation was defined as an increase in dyspnea, sputum production or sputum purulence.
Only patients with a spirometric confirmation of COPD diagnosis (FEV 1 /VC ≤ 0.7 post-bronchodilator) could be enrolled. The participating centres agreed to adhere to ATS standards for spirometry [7] . Only moderate to very severe stages according to GOLD classification [8] were considered for inclusion. Classes of GOLD severity stratification originally considered were moderate/2a, moderate-severe/2b, and severe/3 [5] ; to avoid possible confusion for the reader we have opted here-on to use the present classification, since functional characteristics of the respective stages are equivalent: moderate/2, severe/3, very severe/4 [8] .
Functional severity may vary during the course of an exacerbation, therefore spirometric data obtained at discharge were considered for this study. Milder severity stages were not taken into account because, in general, they do not meet the appropriate criteria for hospital admission. Data registered during the hospital stay pertinent to this study were demographic data, COPD severity and individual co-morbidities. Data were collected by chart reviews from hospital records obtained at admission. According to the frequency of the different comorbidities four main groups were considered for analysis, i.e. cardiovascular, diabetes, other and no co-morbidities [5] .
After discharge patients were observed for a 6-month follow up in the period January to June 2003 with three telephone interviews every 2 months. The interviewer (the same physician(s) in charge of the study at each centre) registered the new episode(s) of COPD exacerbation and the number of hospitalisations related to an exacerbation, along with treatments, in particular systemic corticosteroids, antibiotics, inhaled corticosteroids, inhaled corticosteroids + long-acting beta-2-agonists in combination, theophylline and longterm oxygen therapy.
The ethical considerations were managed by each local review board. The written consent of each patient was formally requested and obtained for the treatment of personal data for research.
Statistics
Categorical variables are presented as proportions. Continuous variables are presented as mean and SD or median and interquartile range according to normal or nonnormal type of distibution respectively.
The relative risk (95% Confidence Interval CI), of a new exacerbation and re-admission to hospital was calculated for the global population and for the sub-populations stratified according to GOLD severity stages.
The independence between categorical variables was tested with Pearson's chi-square. The difference between parameters was tested with Student's "t" test. The level of statistical significance was set at a p value < 0.05.
Results

centres across
Italy participated in the study. 635 patients were enrolled. However, it was only possible to complete the follow up with three interviews for 570 patients, 30.8% females, mean age 70.6 (± 9.5 SD). Among patients lost to follow up 43 had died, accounting for a 6.8% mortality at 6 months. The following data refers only to those 570 patients completing the survey.
Exacerbations
The number of patients who experienced at least one new exacerbation during follow up was 282 (49%). A certain degree of relationship between the number of exacerbations and the GOLD severity stage is apparent, although not significant at the conventional level (p=0.07) (figure 1).
The number of patients experiencing new exacerbations during the follow up stratified according to co-morbidities is shown in table 1. 34.2% of patients had no co-morbidities, while cardiovascular disorders were the most represented (53.5%). Again, no significant association was seen between exacerbations and co-morbidities, although the proportion of patients with cardiovascular disease was higher among patients with > 2 exacerbations.
The risk of an exacerbation was calculated in relation to different treatments. No significant association was found for regular oral corticosteroids (risk of an exacerbation 54% for the treatment group, 52 cases, versus 49%, 518 cases, p=0.49), inhaled corticosteroids + long-acting β2-agonists (risk for an exacerbation 54% for the treatment group, 159 cases, versus 48%, 411 cases taking other treatments without corticosteroids, p=0.2), oral theophylline (risk for an exacerbation 57% for the treatment group, 98 cases, versus 48%, 472 cases, p=0.11), or antibiotic courses (risk of an exacerbation 44% for the treatment group, 50 cases, versus 50%, 520 cases, p=0.42). The same evaluation conducted taking into account the different GOLD severity stages, once again, did not show any significant difference (data not shown).
On the contrary, the presence of long-term oxygen therapy was associated with a significant risk of exacerbation (59% for the treatment group, 227 cases, versus 43%, 343 cases, p=0.0002); the three severity stages contributed in a similar way (59 vs 43% for moderate, 54 vs 42% for severe, and 62 vs 47% for very severe).
Hospitalisations
Among those 282 patients with at least one episode of COPD exacerbation at the six month follow up 124 (44%) had to be admitted to hospital.
The likelihood of hospitalisation following an episode of COPD exacerbation was associated in a highly significant way with disease severity (figure 2). Co-morbidities did not seem to have a significant impact on hospitalisations (p=0.5). The mean length of stay (LOS), 11.7 days (median 10 days), was not influenced by the GOLD severity stage (p=0.35) or the presence of co-morbidities (p=0.74). For a more sensitive evaluation the 1st quartile (<= 8 days) and the 4th quartile (> 15 days) of the LOS were compared but again no significant association was found with the severity stage.
Comparing patients with at least one hospitalisation for a COPD exacerbation with patients who were not hospitalized during the follow up, the risk of hospital admission was significantly linked to the GOLD severity stage (p<0.0001) as shown in table 2, which reports also the respective relative risks comparing GOLD stages very severe versus moderate and severe (2.6 and 2.0 respectively) and GOLD severe versus moderate (1.3).
As for the risk of hospital admission due to a COPD exacerbation, patients on regular therapy with oral corticosteroids had a significantly higher risk of hospitalisation (42% versus 20%, p=0.0003); the same was true for regular treatment with oral theophylline (39% versus 18%, p=0.00001) and for long-term oxygen therapy (32% versus 15%, p=0.00001). On the contrary, regular treatment with inhaled corticosteroids + long-acting β2-agonists versus other treatments without inhaled corticosteroids did not influence the probability of hospitalisation (25 versus 20%, p=0. 19 ).
Discussion
The ICE study enrolled patients with a severity stage from moderate to very severe according to GOLD [8] . If we refer to a large epidemiological study in USA, these patients, account for a prevalence of about 7% of the COPD population (which, in turn, constitutes about 6.8% of the general population -NHANES III) [9] . As a consequence, about 0.5% of the population in western countries are affected by moderate to very severe COPD.
In the ICE study these patients experienced on average 1.4 ± 0.07 (SD) exacerbations per year (excluding the index hospitalisation at recruitment) [5] . At follow up, 44% of the patients with an exacerbation required rehospitalisation. The average length of stay (LOS) of 11.7 days (median 10 days) was longer in Italian hospitals than in the UK (mean 8.7, median 6 days) [10] or USA (median 9 days) [11] . Price et al. demonstrated a relationship between organisational scores and LOS [10] . Whether there is a relationship between longer LOS and major outcomes would probably merit further investigation.
A six month mortality of 6.8% compares favourably with different prospective studies in the international literature, that reports higher percentages from 13.4 [12] to 24 [12] to 33% [11] . These discrepancies are certainly attributable in part to the different average severity of patients, but there may be differences also in the organization of health services deserving further investigation (e.g. longer length of stay, different patterns of antibiotic coverage etc.).
In our analysis of the data, we endeavoured to identify which of the factors considered for the pharmaeconomic assessment analysis (severity stage, co-morbidities and treatments) might have influenced the recurrence of COPD exacerbations, the risk of hospitalisation and the LOS.
Severity stage: a tenuous relationship between severity stage and incidence of exacerbations was found, although not strictly significant. On the contrary, the risk of hospitalisation for a COPD exacerbation was related to the severity stage according to GOLD [8] in a highly significant way.
GOLD guidelines base severity stages mainly on functional criteria (severity of spirometric ab- normality), but also on the presence of complications such as chronic respiratory failure [8] , a point equivalent to need for LTOT in the patients enrolled in our series. The level of symptoms as reported in the GOLD guidelines does not seem to have a real discrimination role, unless objective measurement of cough, dyspnea and expectoration are consistently used prospectively. Recent literature has demonstrated that the best outcome predictors are multifactorial scores including functional data only as a partial component such as in BODE (Body mass index, airways Obstruction, Dyspnea, Exercise performance). Actually, the BODE significantly predicts the risk of hospitalisation [14] . According to our data, simple functional stratification with spirometry remains a strong predictor of hospitalisation, which is per se a major critical event in the natural history of COPD and a further strong predictor of survival, re-exacerbation, and re-hospitalisation [2] [3] [4] . The LOS was not influenced by the severity stage, the most likely explanation being that a more complex combination of clinical and organisational factors can best predict the LOS, aside from the basic disorder [10] .
Comorbidities: despite their significant role in COPD mortality [15] , in our series comorbidities did not seem to influence the recurrence of exacerbations or the risk of hospitalisation. An eventual methodological limitation is our evaluation of individual co-mordidities rather than a weighted comorbidity score such as the Charlson Index [16] .
Treatments: although the study was not designed to assess the influence of individual drug classes on exacerbations and hospitalisations [17] , it is interesting to note that none of the drug therapies (both regular or for the exacerbation) seemed to influence the risk of exacerbation recurrence, with the sole exception of long-term oxygen therapy (LTOT). This is probably because LTOT is a strong indicator of severity, while the other treatments do not correlate with the presence of chronic respiratory failure. For the same reason, LTOT again strongly denoted a risk of hospitalisation, but in this case also oral corticosteroids and oral theophylline used at follow up were significantly associated with hospitalisations. This is not in contrast with a recent systematic review and meta-analysis demonstrating that systemic corticosteroids are effective in reducing treatment failures [18] , as our data refers to regular use of corticosteroids, a finding supported by other authors [19] .
The strengths of our study are its prospective design with quite a large multicentre cohort of moderate to very severe patients admitted to hospital for an exacerbation, unselected from the point of view of concurrent disorders and medications.
Among the weaknesses, we must underline a short follow up of only six months and the fact that the patients were representative of a limited part of the COPD population, albeit the most problematic from a clinical and economic point of view [5] .
COPD patients may largely benefit from drug treatments or rehabilitation (8) or integrated care programmes [20] , but the appropriate choice of management options cannot be based solely on clinical grounds. Severity stratification is mandatory as all the evidence in the literature is related to selected classes of severity. Recent reports have highlighted the importance of different severity measures apart from spirometry, such as dyspnea, functional performance [21] , quality of life, BMI, particularly combined in composite scores such as the BODE, or comorbidities or history of frequent exacerbations/hospitalisations etc. [12] [13] [14] [15] . Unfortunately, current diagnostic standards are far lower than expected since a large proportion of COPD diagnoses (even in hospital) is not supported by spirometry and bronchodilator test [22, 23] ; therefore management remains largely empirical and outcome evaluation often inconsistent.
In conclusion, our data confirms the importance of the often neglected spirometry stratification of COPD severity as a hard determinant of hospitalisation as a major outcome. Recent evidence obtained in a large series of COPD patients similar to ours, but selected for a pharmacologic trial, reached the same conclusion, i.e. that spirometry is strongly predictive of hospitalisation for an exacerbation [19] . A further point is that not only functional stage, but also regular therapies typically linked to severity or complications (oral corticosteroids, LTOT, theophylline as a second line drug) should be taken into account when estimating the prognosis of COPD patients. On the contrary, our results on co-morbidities versus the risk of re-exacerbation/hospitalisation were inconclusive, due to methodological limitations.
It is imperative to improve standards of care for patients with suspected COPD in order to stratify severity and predict risk of re-exacerbation and hospitalisation so as to ensure an appropriate management of cases at higher risk.
